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(57) ABSTRACT

A valve prosthesis 15 disclosed which 1s implantable within
a vein or other blood vessel of a patient using a minimally-
invasive surgical procedure. The prosthesis includes a tubu-
lar wire frame which presses radially outward against the
inner walls of the blood vessel following implantation to
hold the prosthesis 1n position. Multiple flow-resistive pock-
ets that open and close 1n response to changes 1n blood flow
direction are attached to the frame to impede the flow of
blood in the reverse direction. The prosthesis 1s implanted
using an mtroducer catheter which holds the prosthesis in a
radially-compressed state as the prosthesis i1s inserted into
and positioned within the blood vessel.

15 Claims, 3 Drawing Sheets
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DEVICE FOR REGULATING THE FLOW OF
BLOOD THROUGH THE BLOOD SYSTEM

This application claims priority to Dutch Patent Appli-
cation Number 1004827, filed Dec. 18, 1996.

The present 1nvention relates to a device for regulating,
the flow of blood 1n blood vessels.

The blood system, and in particular the venal blood
system of the legs and arms are provided with valves, at
predetermined positions, which ensure that blood cannot
flow back along the system 1n the direction from which 1t has
just been pumped, to only be displaced 1n the direction of the
heart.

In the arms and legs, there 1s a deep and a surface venal
system.

Due to various causes, thrombosis can occur 1 espe-
cially the deep venal system. Following thinning of the
blood, passage of the blood through the system 1s often again
possible, but in this case the valves do not effectively close
oif the system and often leak. This causes an increased venal
blood pressure 1n the direction of the ankles, which leads to
many problems, such as varicose veins and the infamous
“open leg”. This type of complaint, 1s wide spread among
people who spend a vast majority of their working hours in
a standing position, for instance surgeons.

The surface venal system of the leg 1s weaker than the
deep system, and has the tendency to spontaneously widen,
whereby the valves no longer function effectively, leading to
varicose veins, which, apart from being highly unattractive,
are also very painful. Major surgery 1s often required to deal
with these blood vessel valve problems.

For example varicose veins are presently surgically oper-
ated on, by either closing off the vein, which leads to a
reduced blood tflow capacity and extra pressure on surround-
ing blood vessels in order to ensure blood supply, or by
completely removing the varicose veins, which leads to the
same problem.

An object of the present mvention i1s to obviate one or
more of these problems.

According to a first aspect, the present mvention pro-
vides a device for regulating the flow of blood 1n blood
vessels, comprising one or more flow stoppage elements,
cach comprising:

a flareable proximal end, flareable between a flared, tlow

stoppage configuration and a substantially flattened,
flow permitting configuration, and

a middle section extending from the proximal end to

terminate 1n a distal end.

By introducing a synthetic device which acts as a valve,
the blood flow 1s now able to be regulated 1n substantially
the normal manner.

The device preferably further comprises:

an opening assoclated with the proximal end, the middle
section comprising one or more sidewalls extending
from this proximal end opening to join together at the
distal end, the sidewalls being displaceable, by the flow
of blood through the device between the flared
conflguration, wherein the element encloses a tempo-
rary blood storage area, and the substantially flattened
conflguration wherein the one or more sidewalls lie
substantially flat adjacent to each other.

When occupying the blood flow stoppage configuration,
the flow stoppage element encloses a temporary blood
storage area between 1ts open proximal end and the closed
distal end. In this way between heartbeats, which force the
blood through the venal system, any blood flowing in the
opposite direction to the blood stream opens the proximal
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end of the stoppage element thereby forcing the sidewalls
apart to enter the temporary blood storage area, instead of
passing through the device to leak back into the blood vessel
in the direction from where 1t has just been pumped. Since
opening of the blood flow stoppage element effectively
closes off the blood vessel, a very eflective valve 1s pro-
vided.

The flow stoppage element 1s preferably mounted on a
support having such a form as to pass within a blood vessel.
This provides extra stability.

Further, the support frame comprises a resilient wire and
1s biased toward an unrolled configuration.

The stoppage element 1s preferably substantially conical
in shape when occupying the blood flow stoppage
confliguration, the closed distal end being synonymous with
the tip of the cone and the proximal end opening being
synonymous with the flared base of the cone. This yields a
highly effective valve working.

The support 1s preferably adjustable between an itroduc-
ing form, wherein the device 1s suitable for introducing into
a blood vessel, and an expanded form suitable for supporting,
the stoppage element within a blood vessel at the desired
working location thereof, and most preferably has such a
form as to have substantially the same length when occu-
pying 1ts introducing form as when occupying its expanded
form. Accordingly the device can be effectively introduced
to a pre-desired location within a blood vessel, whereafter 1t
1s expandable to take up its working form. Since the support
has substantially the same length when 1n 1ts introducing
form as 1n 1ts expanded form, the stoppage elements remain
ciiectively supported, and any damage ensuing from alter-
ation of the length of the support within the blood system 1s
ciiectively obviated.

In order to yield a very effective valve working, the
support preferably comprises substantially separate frame
sections for each of the one or more fluid passage stoppage
clements.

According to another aspect of the present invention,
there 1s provided a support for a fluid stoppage element as
referred to above.

According to yet a further aspect of the resent imnvention
there 1s provided a method for regulating the flow of blood
in the blood stream comprising introducing the above device
into a blood vessel, so that the distal end thereof 1s arranged
downstream from the proximal end, wherein the proximal
end opening 1s closed by the pressure of blood flowing
through the device, as blood 1s pumped through the system
by the heart, wherein blood flowing 1n the opposite direction
to which 1t 1s pumped between beats, flows 1nto the proximal
end of the device, which 1s subsequently thereby opened to
force the sidewalls of the device against the blood vessel
walls, thereby closing off the passage of blood in the blood
vessel, wheremn blood 1s trapped in the temporary blood
storage arca enclosed by the sidewalls of the device before
a subsequent volume of blood being pumped through the
device claps said sidewalls shut, thereby expelling blood out
of the temporary storage arca and further through the
system.

The introducer preferably comprises an elongated sliding
member which 1s advanceable by a physician to forcibly
displace the valve prosthesis from the hollow distal portion
of said introducer 1nto the blood vessel

The present invention will now be further clarified by way
of the following specific description, which refers to FIGS.
1 to 7, wherein:

FIG. 1 1s a perspective view of the device according to the
present 1nvention;
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FIG. 2 1s a side view of a support for a flow stoppage
clement according to the present 1invention,

FIG. 3 1s a perspective view of the device from FIG. 1,
when occupying its introducing form, as to be introducible
into a blood vessel;

FIG. 4 1s a perspective view showing the introduction of
a device as shown 1n FIG. 1 into a blood vessel;

FIG. 5 1s a perspective view as 1n FIG. 4, showing the
device when occupying its blood flow through put position;

FIG. 6 shows the device from FIG. 1, with the support
(not shown) in order to provide maximum clarity, when
occupying 1ts blood flow stoppage position within a blood
vessel; and

FIG. 7 1s a perspective view of two devices as shown 1n
FIG. 1, when placed 1n a vein 1n the leg.

A device 1 (FIG. 1) according to the present invention has
a proximal end 2 and a distal end 4.

Blood flow stoppage elements 6, having the form of
flexible hollow cones, are each supported on a substantially
triangular frame section 8 of a support 10, see also FIG. 2.

The valve elements 6 have an 1inner wall 12 and an outer
wall 14 extending from a proximal end (2) opening 16 in the
“flared” configuration to join together and terminate 1n the
form of a pointed end section 17 at the distal end 4.

The support 10 1s preferably made of a continuous length
of memory metal, having, as shown 1n FIG. 1 and 2, three
substantially separate frame sections 8 for supporting each
valve element 6.

As shown 1n FIG. 3, the frame 10 can be rolled up so that
frame sections 8 partially overlap one another.

In such a position the device 1 1s easily introduced 1nto a
blood vessel.

On being placed at 1ts desired position within the blood
system, the device, once the memory metal has achieved a
particular predetermined temperature, will expand 1n order
to assume its working form as shown in FIG. 1, whereby
since in its introducing form (FIG. 3), an area of overlap
exists between the terminal frame sections 8, the device 1
remains substantially the same length 1n 1ts working position
(FIG. 1) as 1n it introducing position (FIG. 3).

In order to ensure biocompatibility, the support and blood
stoppage elements are made of biocompatible material,
whereby the blood stoppage elements are most preferably
made of polytetrafluoroethylene (PTFE).

The device 1 1s folded up into its introducing form, as
shown 1n FIG. 3, whereafter once arranged 1n an itroducing
device 18, as shown 1n FIGS. 3 and 4, the device 1 1s
introducible 1nto a blood vessel 20 as shown in FIG. 4.

On assuming 1ts working configuration as shown in FIGS.
1,5, 6 and 7, the blood is regulated in the blood vessel by
the device as follows.

Blood is pumped through the blood vessel 20 (FIG. §) and
through the device 1 (FIG. §) on the beat of the heart. This
means that mstead of flowing at a constant rate through the
blood vessel, that blood tlows through the blood system, in
particular through veins, as a series of pulses. Between each
pulse, the blood 1s not being actively forced through the
system and can flow back from where 1t came.

When actively pumped through the system, blood 1s
forced through the device 1 through the distal end 4 and out
of the proximal end 2 (FIG. §).

In this position (FIG. §), the flow of the blood through the
device 1, forces the inner walls 12 of the stoppage elements
6 against the outer walls 14 thereof 1n order to effect a blood
flow through channel.

Between heartbeats, blood having just passed through the
proximal opening 2 of the device 1, can flow back down the
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blood vessel 20. On doing so, it forces the mner walls 12
away from the outer walls 14 of these elements 6 at the
proximal end 2 of the device 1 to create the opening 16
leading 1nto a temporary blood storage area 22. Since the
mner walls 12 and the outer walls 14 are joined together at
the distal end 4 of the device, the temporary blood storage

arca 22 1s effected 1 each blood stoppage element 6 at this
phase (FIG. 6).

During the next pulse of blood through the device 1 from
the distal end 4, the mner walls 12 are forced against the
outer walls 14 of the stoppage elements 6, thus forcing the
blood temporarily stored therein out of the blood stoppage
clements 6 and effecting the open channel to enable blood
through flow.

What 1s claimed is:

1. An 1mplantable venous valve prosthesis device for
regulating the flow of blood 1n a blood vessel of a patient,
the device comprising:

a support frame which 1s configured to be positioned
within a vein, wherein the support frame 1s configured
to press outward against inner walls of the vein to hold
the prosthesis device 1n place following implantation;
and

at least one collapsible flow restriction pocket attached to
the support frame, the flow restriction pocket compris-
ing an 1nner wall and an outer wall, the 1nner wall being,
displaceable by the flow of blood through the vein such

that the collapsible flow restriction pocket assumes a
collapsed configuration wherein the mnner wall 1s forced
against the outer wall when blood flows through the
vein 1n a forward direction, and assumes an open
configuration wherein the mner wall 1s forced away
from the outer wall when blood flows through the vein
In a reverse direction;

wherein the flow restriction pocket impedes the tlow of
blood 1n the reverse direction when the flow restriction
pocket 1s 1n the open confliguration.

2. The valve prosthesis device as in claim 1, wherein the
collapsible tflow restriction pocket 1s configured to open and
close within a vein of a human in response to blood flow at
venous-level pressures.

3. The valve prosthesis device as in claim 1, wherein the
collapsible flow restriction pocket has a generally conical
shape when the flow restriction pocket 1s 1 the open
conflguration.

4. The valve prosthesis device as 1 claim 1, wherein the
collapsible flow restriction pocket assumes a substantially
flat, arcuate configuration which conforms to an 1nner sur-
face of the vein when the flow restriction pocket 1s 1n the
collapsed configuration.

5. The valve prosthesis device as 1n claim 1, wherein the
support frame has a generally tubular configuration and is
adapted to be compressed radially to a diameter which 1s less
than an inner diameter of the vein during an 1mplantation
procedure, and wherein the frame automatically expands
radially when the prosthesis device 1s deployed within the
veln.

6. The valve prosthesis device as 1n claim §, wherein the
support frame comprises a generally flat wire frame which
1s rolled upon itself to assume the generally tubular con-
figuration.

7. The valve prosthesis device as 1n claim 6, wherein the
support frame comprises a resilient wire and 1s biased
toward an unrolled configuration.

8. The valve prosthesis device as 1n claim 6, wherein the
wire Irame comprises a memory metal, and 1s prepro-
crammed to assume an expanded configuration within the
veln at a predetermined temperature.
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9. The valve prosthesis device as 1 claim 5, 1n combi-
nation with an mtroducer for implanting the valve prosthesis
device within the vein using a mimimally-1nvasive implan-
tation procedure, the 1ntroducer comprising a hollow distal
portion which 1s configured to receive the valve prosthesis
device 1n a compressed form, the tubular distal portion
coniigured to be advanced into the vein through an opening
in the vein to position the valve prosthesis device within the
veln.

10. The valve prosthesis device as 1n claim 9, wherein the
introducer comprises an elongated sliding member which 1s
advanceable by a physician to forcibly displace the valve
prosthesis device from the hollow distal portion into the
veln.

11. The valve prosthesis device as in claim 1, wherein a
plurality of the collapsible Hlow restriction pockets are
attached to the support frame.

12. A venous valve prosthesis which 1s adapted to restore
venous valvular function within the vein of a human, the
prosthesis comprising;

a generally tubular support member configured to be
inserted within a vein, wherein the support member
comprises a wire frame which 1s rolled upon 1tself to
form the generally tubular configuration; and

at least one flow stoppage member attached to the support
member and defining a temporary blood storage area
within the support member, the temporary blood stor-
age arca having inner and outer walls adapted to open
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and close 1n response to changes 1n a direction of blood
flow through the vein.
13. The venous valve prosthesis as 1n claim 12, wherein
the wire frame comprises a memory metal.
14. A venous valve prosthesis system which 1s adapted to
restore venous valvular function within the vein of a human,
the prosthesis comprising;:

a generally tubular support member configured to be
mserted within a vein;

at least one tlow stoppage member attached to the support
member and defining a temporary blood storage arca
within the support member, the temporary blood stor-
age arca having inner and outer walls adapted to open
and close 1n response to changes 1n a direction of blood
flow through the vein; and

an 1troducer for implanting the prosthesis within the vein
using a minimally-invasive implantation procedure, the
introducer comprising a hollow distal portion which 1s
configured to receive the valve prosthesis i the
radially-compressed state, the tubular distal portion
configured to be advanced through an opening in the
vein to position the prosthesis within the vein.

15. The venous valve prosthesis system as in claim 14,
wherein the introducer comprises an elongated sliding mem-
ber which 1s advanceable by a physician to forcibly displace
the prosthesis from the hollow distal portion into the vein.
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